Mastitis infection is usually confirmed by bacteriologic culturing, but several indirect diagnostic methods are widely used as indicators of mastitis to simplify the procedure and lower the cost. These methods include the measuring of somatic cell the criteria were 92.5% for SCC, 85.0% for NAGase, 71.2% for EC and 56.2% for DEC. ELISA was useful as a screening test for detecting an S. aureus infected quarter, being more effective for detection than culturing.
tial for controlling S. aureus intramammary infection (IMI). Bacteriologic culturing of milk from every quarter of every cow has been the only reliable method for identifying those infected. However it is an expensive and timeconsuming method. Instead of bacteriologic culturing, several indirect diagnostic methods are being used to detect IMI.
They include measuring somatic cell counts (SCC), electrical conductivity (EC) differential value (DEC), tivity, as well as other parameters to differentiate normal from abnormal milk secretion that suggests IMI. One problem is how to interpret fluctuating measurements due to sampling time4,7,8) and a changing diagnosis depending on the indirect diagnostic method used.
This study was conducted in order to determine weekly changes in the results of diagnostic methods and the relationship between the methods when they were used on milk samples from S. aureus infected quarters.
Material and Methods
The Holstein cows (n=15) used in this study were from three commercial dairies in Ibaraki prefecture, and were more than 30d post partum.
Quarter milk samples from 15 milking cows with a history of clinical mastitis or high SCC according to dairy herd improvement monthly reports were used. Sixty quarter milk samples were collected weekly over eight weeks from September to November of 1991. The following five inspections were made: (1) Bacteriological identification of S. aureus via EYMS selective medium, API system and coagulase and DNase test, and determination of coagulase and enterotoxin type and toxic shock toxin production.
(2) Detection of anti-S. aureus antibody in milk via enzyme-linked immunosorbent assay (ELISA, the Prostaph, ProScience Corp. Sterling, Virginia, USA).
(3) Counting SCC via a Fossomatic cell counter (Foss Electric, Hillerod, Denmark) . (4) Measuring of electrical conductivity (EC) via EC meter (Towa Electric Co.,Tokyo, Japan) which was adjusted as a constant measurement temfluorescence method (Nissan Gossei Co., Tokyo, Japan). The collection and culturing of milk samples and identification of isolates were conducted in accordance with established procedure6) and four methods as mastitis indicators were implemented as per the manufacturer's instructions.
Results and Discussion
The 60 quarters were divided into 6 Groups A-F based on the results of bacterial culture for S. aureus, ELISA for antibody to S. aureus and other diagnostic methods.
(1) Group A: 17 quarters were culture negative and ELISA negative, and other indicators such as SCC showed low values during the 8 weeks of inspection. (2) Mean values of each indicator for the above five groups over eight weeks are given in Table 1 . Quarters in Group A were regarded healthy. Quarters in Group B may have been infected by bacteria other than S. aureus since elevated values suggested inflammation by infection.
Quarters in Group C belonged to infected cows suggesting that the samples may have been exposed to S. aureus.
Quarters in Group D showed relatively low values according to indirect diagnostic methods even though culture was intermittently positive. It may have been that these were either early infections or infections not involving the gland's secretory tissue, for instance, the teat end, streak canal or teat cistern.
In such cases there might not have been sufficient antigenic stimulation to promote formation, and secretion of detectable S. aureus antibody into the milk may have been insufficient1).
In view of above results, we thus defined the quarter as S. aureus infected which had both been cultured positive and ELISA positive consecutively or intermittently during the 8 weeks. Ten out of 60 quarters (Group E) were therefore considered S. aureus infected quarters . Changes in mastitis indicators in these ten quarters are discussed below.
Though the values for Group E were generally high compared with those for the other four groups (A-D), some individual quarters did not show high values (Table 2) . One possible reason for this may have been the toxicogenic type of species S. aureus3). Table 3 shows identification results of coagulase , enterotoxin and toxic shock toxin for the ten quarters of Group E. There was no relationship between toxicogenic type and the results of the four indirect mastitis indicators.
The guideline for bovine mastitis treatment proposed by the government committee is as Then, if diagnosis had been based on only one of the single samples during the period, these three cases would be considered to have been diagnosed as un-infected quarters. Table 5 however, this quarter was diagnosed as a latent infection. Quarter 40 (Fig. 2) was ELISA positive continuously and culture positive intermittently. Weekly fluctuations in each indicator showed similar patterns but change did not necessarily correlate with the results of culture and ELISA reactivity. On the other hand, the values of indicators in uninfected quarter 55 of Group A were generally low and stable (Fig. 3) .
We were able to observe the dynamics of infection in culturing and ELISA results in the infected quarters, even though the total data over 8 weeks indicated clearly that these quarters were infected with S. aureus for several weeks. Large fluctuations were also found in the results for SCC, EC and NAGase but they did not always correlate with the results of culturing and ELISA reactivity.
Therefore, if only one of these indicators had been used once for all, the diagnosis would have been different.
Of the diagnostic indicators in this study, aureus infected quarter will be presented in the future.
Parts of the results of this study have been presented at the Sixth AAAP Amimal Science Congress, Bangkok, Thailand, Nov. 22-28, 1992. 
